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Abstract 
Application of renewable fuels and changes in fuel composition often create many trouble in gaskets, seals, 
elastomers and O-rings in the engine fuel system. In a CI engine fuel system, fuel comes in touch with different 
elastomeric components. The compatibility of automotive fuel system components like seals, gaskets and hose 
materials using conventional fossil based diesel has long been recognized and documented but there is concern over 
the use of elastomeric materials with biodiesel. Based on these concerns, a study of compatibility of Natural rubber, 
Nylon and EPDM (Ethylene Propylene Diene Monomer) with biodiesel and diesel was carried out. High FFA oil, 
which is a byproduct of edible and non-edible oil refineries, is available at low price and in considerable quantities at 
vegetable oil refinery sites. In the current study, high FFA oil is synthesized into biodiesel by two step process i.e. 
esterification followed by transesterification. The methyl ester content of biodiesel is determined by GCMS. The fuel 
properties of the produced biodiesel were found to be comparable with that of biodiesel specifications.  
Static immersion test in biodiesel and diesel has been carried out as per SAE J1748 standards. This paper 
aims to characterize the compatibility of Natural rubber, Nylon and EPDM, commonly encountered in the automotive 
fuel system in diesel engines. Static immersion test in B100 and diesel fuel was carried out at 55±2°C (SAE J1748 
para 5.2) for 500 hours. Fuels were replaced weekly as suggested in SAE standard. Before the immersion test, mass 
measurements and visual inspection were recorded. Before and after immersion, comparative behavior was 
investigated by weight loss, volume change, hardness; tensile strength measurements. Changes in surface 
morphology were studied by Scanning Electron Microscopy. It was found that natural rubber showed less detrimental 
effects while significant detrimental effect on EPDM and Nylon was observed. 
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1. Introduction 
Typically low pressure fuel lines in CI engine are made from synthetic rubber flexible hoses and high 
pressure fuel lines from steel. Gaskets are made from gasket paper. The commonly used rubber 
components are NBR (Nitrile Rubber), HNBR (Hydrogenated Nitrile Rubber), PVC (Polyvinyl Chloride), 
Acrylic rubber, Co-polymer FKM, terpolymer FKM, polychloroprene, Fluoroviton A, Buna, EPDM 
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(ethylene propylene diene monomer), CR (Chloroprene), SR (Synthetic Rubber) and PTFE (Poly Tetra 
Fluro Ethylene) or Teflon. Trakarnpruk and Porntangjitlikit [1] conducted immersion test with B10 (10% 
biodiesel) for up to 1008h at 100oC with six types of commonly used elastomers in fuel system. Fuels 
were stored throughout immersion period. Also, the mention of fuel replacement as per SAE standard is 
not observed. ASTM standards were used to measure physical properties of elastomers. It was observed 
that volume and mass increased with respect to time for all test samples excluding NBR and NBR/ PVC. 
Degradation behaviour of different elastomers was studied by Haseeb et al. [2]. The degradation 
behaviour of different elastomers namely EPDM, silicone rubber (SR), polychloroprene (CR), 
polytetrafluroethylene (PTFE) and nitrile rubber (NBR) upon exposure to diesel and palm biodiesel was 
explored. The results of this analysis showed that, overall sequence of compatible elastomers in palm 
biodiesel was found to be PTFE > SR > NBR > EPDM > CR. Compatibility of elastomers were studied 
by different researchers [3-6]. 
Although there are some attempts have already been made by some researchers on the compatibility of 
elastomers with biodiesel from palm, rapeseed etc., but very limited work is available on the degradation 
behavior of elastomers with biodiesel derived from high FFAs. Moreover, fuels were not changed in 
many reported studies throughout the immersion time. However in the present study, fuels are replaced 
with fresh fuels weekly as per recommendation specified in SAE standard. Very few studies were 
conducted as per SAE standards. Under such conditions, the present study aims to produce biodiesel from 
high FFA feedstock and to study the compatibility of Natural rubber, Nylon and EPDM in diesel and 
biodiesel at 55±2°C for 500 hours as per SAE J1748 standard. Comparative behavior was investigated by 
weight loss, volume change, hardness; tensile strength measurements. Changes in surface morphology 
were studied by SEM. Significant difference in the obtained results over the published results was 
observed due to weekly changeover of the fuels as per SAE standards. 
2. Materials and methods 
2.1. Materials 
 In oil refineries, the crude vegetable oil is refined before being used for edible purposes. 
Refining edible oil is a process where free fatty acids are volatized, condensed and recovered 
simultaneously with the use of vacuum in the operation of neutralization, bleaching, deodorization and 
decolorization. This high FFA oil (by product) is collected in the collector where it is treated with sulfuric 
acid to remove unsaphonifiable matter. This red black colour, high FFA (16.38%) feedstock is used for 
biodiesel production. In India, about 943 vegetable oil refinery units in India [7] produce refined 
vegetable oil from the total available crude oil, generating on an average 141.6 thousands of tonnes of 
high FFA oil. At present, it has limited application in soap industries.  
Table 1. Measured properties of high FFA oil biodiesel (B100) in comparison with diesel 
Properties Standard  Limit B100 used in present study 
Diesel 
FAME content EN 14103 96.5 98.33 - 
Density at 15 oC, kg/m3 ASTM D4052 860-900 890 820 
Kinematic Viscosity at 40 oC, mm2/s ASTM D445 1.9-6.0 4.83 2.5 
Acid value, mg KOH/g ASTM D974 Max.0.5 0.38 - 
Higher Calorific value, MJ/kg ASTM D4809 - 43.4 45 
Flash point , oC ASTM D93 Min 130 174 55 
Pour point, oC ASTMD97 -15-10 2 -21 
Cetane number ASTM D613 Min. 51  53 51 
Copper strip corrosion ASTM D130 Max.1 1 - 
 
At present, in India, Jatropha, Mahua, Pongamia and Neem feedstock price per litre is 1.39, 1.3, 
1.49 and 1.67 times the diesel price. However, the high FFA feedstock price per liter is only about 0.74 
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times the diesel price which implies cheaper production of biodiesel. In the current study, high FFA oil is 
synthesized into biodiesel by two step process [8]. The methyl ester content of biodiesel is determined by 
GCMS. The physical and chemical properties of high FFA oil biodiesel were determined by standard test 
methods and the results in comparison with those of biodiesel (B100) and diesel properties were shown in 
Table 1. Biodiesel produced from high FFA oil is used for static immersion test. Diesel is included in 
these tests as a reference. Different elastomers sheets were purchased from the market. 
2.2. Standards used 
Six standard practices from Society of Automotive Engineers (SAE) and the American Society 
for Testing and Materials (ASTM) were used to develop the specific testing procedures. The procedures 
developed were a combination of SAE J1748 Methods for determining physical properties of polymeric 
materials exposed to gasoline/oxygenate fuel mixtures, ASTM D471-06 Standard test method for rubber 
property – effect of liquids, ASTM D412-06a Standard test methods for vulcanized rubber and 
thermoplastic elastomers – tension, ASTM D3183-02 Standard practice for rubber – preparation of pieces 
for test purposes from products, and ASTM D2240-04 Standard test method for rubber property - 
durometer hardness (SAE, 1998; ASTM, 2006, 2006, 2002, 2004). SAE J1748 modifies ASTM D471 to 
make it fuel-testing specific. As per SAE J1748 and ASTM D471, specimens were completely immersed 
for 500 hours at 55 ± 2 °C before testing.  
3. Experimentation  
The volume of each appearance specimen was measured using the fluid displacement method in 
accordance with ASTM D471 (2006). To measure volume, a quad beam balance was used with a 
resolution of 0.01 g. Shore A type durometer was used to measure the hardness of the specimens for this 
study because it can be accurately used on thin specimens. The durometer has a resolution of 1 hit point, 
and an accuracy of ± 4 hit points. The measurements were taken on the clamping ends of the tensile 
specimens before they were pulled. Three hits were made on each specimen in accordance with ASTM 
D2240 (2004). The tensile specimens’ thicknesses and widths were measured with a micrometer to ± 
0.001in. Three measurements were made for thickness and width, one at the center and one at each end of 
the reduced section. The medians of the three thickness and width measurements were used to calculate 
the cross sectional area of the specimen (ASTM D412). Next, tensile and elongation measurements were 
made with an Electronic Tensometer Model PC-2000 (Kudale Instruments Make, Pune) tensile machine 
with 5kN load cell. The specimens were pulled at a uniform rate of 500 ± 50 mm/min until broke. 
3.1 Static immersion test 
Natural rubber, nylon and EPDM were tested in this study. The specimens were placed in glass 
jars with Teflon lined lids. Two jars per elastomer were used. Stainless safety wire was used to suspend 
the specimens, via 2 mm hole in the end of each one, so that they were completely immersed but was not 
rested on the bottom of the jar. An explosion-proof friction air oven was used to maintain the samples at 
55 ± 2 °C for 500h. The following properties were measured before immersion and after immersion: 
volume, weight, appearance, tensile strength, ultimate elongation, and hardness (durometer A). 
4. Results and discussion 
4.1 Weight change: 
After immersion in diesel and biodiesel, all three specimens showed an increase in weight, and 
exception being natural rubber immersed in diesel, which showed 3.4% loss of weight (Fig. 1). The 
weight gain in biodiesel was comparatively higher as compared to that in diesel. EPDM showed the 
greatest weight change among the three specimens, the change being around 123%. This swelling can be 
attributed to the penetration of fuel in the polymer network, causing the fuel molecules to occupy certain 
positions within the network, leading to the polymer molecules being forced apart. The loss of weight of 
natural rubber in diesel can be attributed to dissolution of soluble components like plasticizers, stabilizers 
or additives. 
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Fig 1. Changes of weight of different elastomers after immersion for 500 hours at 55 ± 2 °C 
4.2 Volume change 
In all the three elastomers, in both diesel and biodiesel, an increase in volume was seen after immersion. 
This change in volume was higher in case of biodiesel (Fig.2). This can be again explained by diffusion 
of liquid in the elastomer. This dissolution, or diffusion, in turn, depends upon the dipole-dipole 
interactions of the liquid and the elastomer, the principle being that “like dissolves like”. Since biodiesel 
is more polar than diesel, the dipole-dipole interactions for the elastomers in biodiesel is greater than 
those for diesel, hence the increased volume change in biodiesel. The amount of swelling or volume 
change depends upon the chemical behaviour of the elastomer. 
 
Fig 2. Changes of volume of different elastomers after immersion for 500 hours at 55 ± 2 °C 
4.3 Hardness change 
 
Fig 3. Hardness of different elastomers before and after immersion for 500 hours at 55 ± 2 °C 
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Upon immersion in diesel and biodiesel, all three elastomers showed a decrease in hardness. 
Hardness of EPDM decreased more in comparison to Nylon and Natural rubbers. It was seen that the 
decrease in hardness was greater in biodiesel than diesel (Fig.3). This can be explained by considering the 
fact that several curing agents and accelerators are added to polymers to improve their physical 
properties, by causing cross-linking between the polymer chains. Upon immersion, these linking agents 
dissolve in the fuel, leading to a decrease in hardness. 
4.4 Tensile Strength  
Tensile Strength followed the same trend as hardness – significant decrease in tensile strength 
was observed in case of EPDM when compared to Nylon and Natural rubber (Fig.4). Again, the decrease 
in tensile strength was greater in biodiesel than diesel. The greater reduction of tensile strength of EPDM 
points out to the higher loss of cross-linking between its polymeric chains while immersed, whereas in 
case of the other two elastomers, the comparatively lesser reduction in tensile strength may point towards 
lesser dissolution of curing and cross-linking agents in the fuel. 
 
Fig 4. Tensile strength of different elastomers before and after immersion for 500 hours at 55 ± 2 °C 
4.5 Elongation  
The maximum elongation of the elastomers, as a percentage of their original length, decreased 
upon immersion in fuels (Fig.5). In general, immersion of elastomers in fuels reduced the percentage 
elongation. This can be attributed to the reduced entanglements in the polymeric chains upon immersion. 
 
Fig 5. Changes of elongation of different elastomers after immersion for 500 hours at 55 ± 2 °C 
4.6 Surface morphology: To further support the observations made from the mechanical test, the exposed 
surfaces for all three samples were analysed by SEM. The photomicrographs obtained from the samples 
of EPDM and Nylon showed high level of deterioration and degradation compared with samples 
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immersed in diesel (Fig.6). Again the results lead to the supposition that there is a strong affinity between 
biodiesel and the elastomers which might have caused the degradation of the exposed elastomers. The 
SEM images for natural rubber exposed in diesel and biodiesel showed little changes. 
 
EPDM in Diesel 
 
Nylon in Diesel  Natural Rubber in Diesel 
 
EPDM in B100 
 
Nylon in B100 
 
Natural Rubber in B100 
Fig 6. SEM photographs for the elastomers exposed to diesel and biodiesel at 55°C for 500h 
5. Conclusion 
The experimentation (as per SAE J1748) on degradation behavior of different elastomers 
exposed to diesel and high FFA oil based biodiesel at 55°C for 500h were conducted. Results from 
mechanical tests and SEM imaging, show the detrimental effects of pure biodiesel (B100) on elastomers. 
The use of high FFA based biodiesel can cause the detrimental effect on EPDM and Nylon while no 
significant effect was observed on natural rubber. This study recommends the use of natural rubber with 
high FFA based biodiesel (B100). On the other hand, use of EPDM and Nylon should be avoided with 
high FFA based biodiesel. 
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